The 
INTRODUCTION
A small scale system and located near the consumer is called the Micro-Grid (MG) system. The interconnection of small generation to low voltage distribution systems can be termed as the Micro Grid. Micro Grids can be operated with and without a connection to the main power network. Small Capacity Hydro Units, Ocean Energy and Biogas Plants ,wind, diesel-generation, PV, energy storage etc are the various energy resources in MG for electrification of areas mainly rural areas where there is no possible access to grid electricity due to poor access of remote areas to technical skills. The micro grid has to be designed in such a manner so that there is ease in installation, commissioning, operation and maintenances. The micro grid helps in reducing the Expenditure by reducing network congestion &line losses and line costs and there by higher energy efficiency [1] - [3] .
Today's challenge is the implementation of renewable energy into existing power systems. MG provide higher flexibility and reliability as it is able to run in both grid connected and islanded mode of operation and its components may be physically close to each other or distributed geographically [4] , [5] . To meet the increasingly growing demand of electricity, and to improve energy utilization efficiency and reliability , new power generation technologies, including renewable energy , clean and efficient fossil fuels, distributed generations have been developed [6] .The micro grid concept is based on the assumption that large numbers of micro generators areconnected to network to lower the need of transmission and high voltage distribution system [7] .However the micro grid can be integrated with the distribution system but it can also produce a threat to the safe and reliable operation of the grid due to the net loss in line flow , voltage and power quality [6] , [8] .
This paper in organized as follows: Section II provides a brief description of the operation and control of micro grid. Section III presents the voltage & power regulation and energy management in micro-grid. Section IV highlights the simulation works done for the different load models of micro grids. Lastly, the conclusions are drawn in Section V. The traditional energy generation and distribution has an alternative today, named Micro Grid. And with the use of smart grid technologies, integrated control of distributed power generation can be achieved. Fig-1 depicts a normally operated MG in a grid-connected mode through the substation transformer via Point of common coupling (PCC). PCC is the point in the electric circuit where a micro grid is connected to a main grid. The converters play a vital role firstly by connecting DG systems in parallel with the grid or other sources, and secondly to continue functioning in stand-alone mode, when critical loads don't get supply from other sources [9] .
OPERATION AND CONTROL
The system can disconnect from the utility in case of faults and voltage collapses, and when the power quality from the grid reduces below certain standards. A centralized model controller is set in the micro-grid with the control logic optimization of main power for unplanned and planned mode conversion. When micro-grid works in grid-connected mode, the main power works in PQ mode and when the micro-grid works in islanding mode, the main power works in V-F mode so the control of the micro-grid is "master and slavery" control. The micro-grid work mode can be detected from the micro-grid information such as current, voltage etc [10] .
The choice of the customer is the main reason for an upcoming market of Distributed Generation (DG). It depends upon them as whether to purchase their power from existing utilities or to use DG sources for the fulfillment of their power needs. A MG concept of production and supply of power can be formed, if all the customers can come together. Comparatively, the non autonomous micro grid (the paralleled micro grid) is the most beneficial mode of operation for both the utility and the customer [11] .
For optimal operation of a group of Small Water Turbines integrated in a medium voltage AC grid , a variable speed solution has been proposed. The efficiency of hydro machines is increased as there is a large variation in water flow, so operation at variable speed is considered such that the connection to the 50 Hz power grid can be done using an AC/DC-DC/AC interface. The purpose of a reactive power and a harmonic voltage compensation and transfer of energy from generator to grid is achieved by the use of power electronic based interface [12] .
In various sectors of electric power system, i.e. Generation, Transmission, and distribution, the competition among the utility service providers has been started due to deregulation and restructuring of old centralized power system and this originates the concept of MG. Some positive points of micro grid are reduction of 'Transmission line congestion', easy installation and control of its small distributed energy resources, combined heat and power operation, less sulphur and nitrous emission etc. The MG has been used as a slack bus and has been analyzed by Fast de-coupled load flow (FDLF) method in Compaq visual FORTRAN [13] . Inverters are a universal interface to inject the power produced by distributed power generation in stand-alone loads, microgrid or the main electrical grid.
Fig
The droop control and inverse droop control have been discussed in order to manage the active and reactive power flows both in case of grid-connection and islanding operation mode [4] .
For single micro grid, different control strategies are used to maintain the Stable output, which utilizes PQ control in grid connected mode and droop control together with v/f control in isolated mode. Combination of a series of control strategies are utilized to enable stable operation of micro grid in each mode, and switch smoothly between the two modes [15] . Micro-Grid system needs to be monitored and controlled to minimize effect of power quality problems during steady state, islanding operation and reconnection with conventional power system. For this a V/I measurement equipment of MG system having real time measure function and communication with PC via USB port has been used. Further this system serves for various purposes as investigation of transient state, monitoring of real-time operation and evaluate the power system quality [1] .
The major driving factors for cost down are the modularity and scaling capability of PV inverters. To achieve robustness in electrical grid the efficiency optimization has to be targeted for system including inverter efficiency, in addition to maximum power tracking of PV modules [2] .
The micro source three phase output voltage asymmetry due to a micro-source three-phase load imbalance could lead to working disorders and can even cause damage to electronic devices. To achieve a good control effect in load balance and imbalance two existing control strategies namely Sliding Mode Variable Structure Control (SMVSC) and compensation method have been introduced [16] .
For the propose of trading electrical energy or to provide system support services , Virtual Power Plant (VPP) is used to aggregate a number of DER of various technologies with various operating pattern and availability that connected to various points in distribution network. Distributed Energy Resources (DER), i.e. DGs can be integrated with controllable loads and energy storages, into micro grid and Virtual Power Plant [7] .
A plug & play control approach has been presented, which can be implemented in electronic power processors interfacing distributed energy resources with residential micro-grids where number of active energy sources and generated power vary during daytime , for providing full utilization of energy sources and reduction of distribution losses. Accordingly, for efficient operation supply and load variations , the residential micro-grids can automatically turn from grid-connected to islanded operation [17] .
A multi-agent based control framework with Particle swarm optimization (PSO) has been proposed for energy and comfort management in integrated smart building and micro-grid systems which is made up of a central coordinator-agent and multiple local controller-agents [18] .
The risk assessment differences between the traditional power grid and the smart grid has been presented. The smart grid risk assessment system and risk control measurement have been discussed using the latest self-healing concept in smart grid which is of great importance [19] .
To form an effective communication subnet between equipments, distribution, generation, and dispatching centre , a novel electric information transmitting algorithm(EITA) , has been proposed which is based upon distributed agent technologies and traffic engineering [20] .
Smart meters and/or pre-paid meters can be used for monitoring the power consumption from utility and electricity bill. The pricing, renewable energy output, load demand, storage, and forecasting, decisions are made and communicated by a central intelligent unit and thus providing a supporting power in cases of power cut, blackouts, grid failure, and peak demand, as well as results in minimum purchase from the utility resulting in low electricity bill of user and ensures continuity of power [21] .
Since the synchronization of microgrids that operate with multiple DGs and loads cannot be controlled by a traditional synchronizer so an active synchronizing control scheme has been proposed by adopting the network-based coordinated control of multiple DGs and thus providing a reliable connection to the grid [22] .
Object Linking and Embedding for Process Control (OPC) protocol has been implemented as a supervisory control system for a controllable DER fuelled by producer gas, sharing a common load with a non-controllable DER. A user interface for the same has been developed where the existing automation hardware in a plant can be utilized for controlling DER's [23] .
The main function of the overall architecture and key technologies in the MG platform, such as power technology, plug and play technology and optimization technology have been analyzed [24] .
For the successful realization of smart grid main challenges includes the integration of renewable energy resources, real time demand response and management of intermittent energy resources. It has been stated that, the recent advancements in information and communication technologies (ICTs) could facilitate the effective development of the future micro-grid system by improving the system performance, modeling, monitoring and controlling of the micro-grids [25] .
To improve the parallel operation of two micro hydro power plants (MHPPs) on an islanded micro-grid (MG) a control strategy has been presented. The two MHPPs are equipped with fix-speed turbines that drive induction generators (IG). Fig-3 shows the proposed control system as a combination of a voltage source inverter (VSI) with a dump load (DL) on its DC side and stepped capacitors. The MG frequency is stabilized by VSI as it operates at constant frequency [26] . To ensure system security, reliability and economical running under different control strategies for distributed power, the coordinated control of micro-power and energy storage devices can maintain the isolated network operation of MG [27] .
The performance profiles of various micro-grid configurations under different operational scenarios have been presented. Distributed Energy Resources (DER) can also feed excess power, if any, to the utility grid, while delivering the power to the local areas at the installed location efficiently and reliably [28] .
The power generated from the renewable power sources is strongly dependent on the natural conditions and therefore has the nature of unpredictability and fluctuation so the optimal operation planning method should be taken into consideration of the uncertainties of renewable power generations and load demand is proposed and studied [29] .
A much faster and robust vector control algorithm based strategy has been implemented for a two-level IGBT full power converter, to operate the wind generation, with a hybrid DC-AC link topology, either in Maximum Power Point Tracking (MPPT) mode, or non-MPPT mode with enhanced tracking performance [30] .
An important optimization task of power systems is the daily operational scheduling of decentralized units. The smallscaled co-generation power units can be planned for electrical power generation and district heating in a micro-grid [31] .
The dynamic characteristics of the micro sources and microgrid have been analyzed under fault or normal circumstances with different structure and different control methods. Dynamic analysis of micro-grid is based on the control strategy design of micro-grid energy balance and frequency stability [6] .
For the analysis of electrical sources of the micro-grid and to test its dynamic operation, HOMER® and EUROSTAG® software have been used. To obtain the optimal configuration of hybrid renewable energy a sensitivity analysis has been performed based on different combinations of the generating system. EUROSTAG® software has been used to investigate the operation of the obtained architecture [32] .
A building that has a very high energy performance, and with very low amount of energy requirement is known as 'Nearly Zero-Energy Buildings' (NZEB). And such a case study of a microgrid arranged for a complex of two commercial/residential has been presented and a load management strategy has been presented [33] .
A two-degree-of-freedom active damping controller has been proposed to stabilize the newly introduced oscillatory dynamics to stabilize the micro-grid system in the presence of IM loads. The stability analysis and stabilization of MV droop-controlled micro-grids with IM loads has been presented [34] .
A novel control strategy for VSCs and an energy storage system in a VSC-based microgrid without communication link has been proposed along with a novel hybrid model of VSCbased DGs. The conventional load frequency control techniques are inappropriate because in VSC-based micro grids, which use droop controller method, the desired frequency of VSCs is altering regarding the output active power [35] .
The waste heat in MG can be used by placing the sources near the heat load. To isolate the microgrid's load from the disturbance, the generation and corresponding loads can be separated from the distribution system without harming the transmission grid's integrity [36] .
The PV inverter is controlled as a current source following a reference active and reactive power with the active power being a function of the system frequency. A wireless communication among the renewable energy sources has been achieved for continuous monitoring by using frequency as control signal. The battery converter has been controlled with variable-frequency, variable-amplitude sinusoidal PWM modulation [37] .
POWER AND ENERGY MANAGEMENT

Energy Management in Micro Grid
An energy management program for grid-connected micro grid with renewable generation and electric vehicles has been proposed which aims to minimize energy cost based on forecasting of loads, prices and renewable generations and was solved with genetic algorithm and pattern search methods. The uncertainty problems have been solved by Monte Carlo methods [38] . An effective approach to control Flywheel Energy Storage System (FESS) in distribution power automation environment has been proposed which includes the distributed control mechanism design for physical components of FESS, and intelligent decision and planning strategies for FESS charging and discharging procedure [39] .
The problems including purchased energy from the main grid, DGs' operational cost, start-up and shut-down costs, and finally the cost of interrupted loads have been formulated. In order to determine the optimal generation of each DG and the amount of controllable loads during a day, the component models of micro grids consisting of a wind turbine, a micro turbine, a photovoltaic array and a fuel cell have been determined by using real data and the cost of micro grid has been minimized [40] .
A photovoltaic (PV) based micro grid with combined energy storage using batteries and super capacitors with high energy and power density has been proposed (Fig-4 ) and the control strategy has been validated for different atmospheric and load conditions.
Fig-4 PV Based Micro Grid with Battery and Super Capacitor Combined Storage
A concept to generate realistic load models of individual homes with a high resolution has been presented [42] .
For micro grid energy management, a novel double-layer coordinated control approach, consisting of two layers: the schedule layer and the dispatch layer has been proposed. An economic operation scheme based on forecasting data is obtained by schedule layer , while the power of controllable units based on real-time data is provided by dispatch layer. Errors between the forecasting and real-time data have been resolved through coordination control of the two layers [43] .
An optimized scheduling of a micro-grid battery storage system has been presented that takes into account the next-day forecasted load and generation profiles and spot electricity prices, to reduce running costs by optimally scheduling the generation and/or storage systems [44] .
The application of Distribution Static Compensators (D-STATCOM) in Smart Micro-Grid (MG) has been presented as shown in Fig-5 .
Fig-5 D-STATCOM with battery storage
An overview on D-STATCOMs has been reported, describing out their layout, components and possible functions, either in presence of energy storage system or not. Finally the problem of management of these devices for application in Smart MG has been analyzed, while focusing on the choice of the communication technologies for data exchange with an Energy Management System (EMS) [45] .
Examples of Actual Site Implementation.
An innovative wind/PV/diesel hybrid system along with advanced power electronics and control technology has been implemented in three remote islands in the Republic of Maldives whose design methodology and preliminary results have been presented. [46] .
There are needs to develop a balanced Distributed Generation strategy which takes into account future integration with small, midsize and large regional projects due to the high cost for the construction of UHV/EHV transmission lines. A bottom up approach has been recommended through an evaluation of autonomous or non-autonomous modified Micro Grids concept to provide electricity to local residents and which serve as basic building blocks for future system expansion [47] . 
Protection Issues in Micro Grid
Earlier protection systems associated with medium and low voltage networks were designed on the basis of unidirectional power flows, using the time coordinated over current relays for protection against network faults. Regarding distributed generation , these systems have undergone the changes over the recent decades, along with the fact that many of these sources can be connected to form independent micro grids, have challenged this protection perspective [49] . Implementation of adaptive protection system using digital relaying and advanced communication has been stated as a successful method of the protection of micro grid [50] .
A protection scheme for a DC micro-grid has been suggested. A 400V DC micro-grid consisting of a wind power system (Permanent Magnet Synchronous Generator, PMSG), a photovoltaic system, a fuel cell system and energy storages have been presented considering abnormal operating conditions during various faults [51] .Some technical challenges on micro grid with respect to voltage and frequency control, islanding and protection of micro grids have been presented [52] .
An operational safety design concept and fault mitigation technique has been proposed to ensure confidence in protection system. The multifunctional intelligent digital relay has been used for the micro grid protection and safety concept with central control and monitoring unit for adaptive relay settings strategy for micro grid protection [53] .
Voltage and Power Regulation in Micro Grid
To guarantee voltage regulation and harmonic cancellation at the load site in the presence of distributed generation an application of a controller based on state space design for a Shunt Active Filter with energy storage (SAFES) within a local power supply network has been presented [54] .
To meet the load demand and maintain the voltage and frequency stability with the change in voltage amplitude and phase of PWM converter, generators may create active and reactive power neatly. PWM converters can improve the generators' power factor to unity, and produce less harmonics and thus improving the power quality [55] .
To improve the reactive power control and sharing accuracy, an accurate reactive power sharing algorithm functions have been proposed by estimating the impedance voltage drops. Power control strategy containing a virtual inductor at the interfacing inverter output and an accurate power control and sharing algorithm has been proposed with consideration of both impedance voltage drop effect and DG local load effect [56] .
A multiple converter scheme has been proposed which makes the micro-grid system capable of low voltage ride and making the system more reliable and stable. The control strategy of additional power converter connected in parallel with main converter has been discussed to support extra reactive power to withstand the severe voltage dip [57] .
The use of Static Synchronous Compensator (STATCOM) and battery energy storage system (BESS) has been investigated for the purpose of stabilizing the micro-grid voltage during short circuit faults in islanded mode of operation to continue power supply to the customers and thereby increasing the reliability of the power system [58] .
To overcome the power quality problems , the Static Var Compensators (SVC) based on the combination of Thyristor Switched Capacitors (TSC) and Thyristor Controlled Reactors (TCR) or SVC combined with Active Power Filters (APF) has been proposed [59] .
To decrease losses, generation costs and overload in transmission lines during the peak time a management model for optimized consumption reduction has been introduced [60] .
A new power line conditioner called Universal Power Line Manager has been proposed for micro grid to overcome many power quality issues like voltage sag, swell, power frequency variation, and harmonics. UPLM is based on the combination of UPQC, UPFC and frequency changer (matrix converter) [61] .
PSO based PSS has been designed for low and medium of the MG considering the power sharing stability of a grid connected Micro-grid (MG) system with three Distributed Generation (DG) units via Power System Stabilizer (PSS). Various PSS structures have been employed and compared in order to achieve the best transient response under different DG penetration levels to tune the controller parameters PSO has been used [62] .
To achieve the plug-and-play, and for flexible application of D-FACTS to the micro grid, the concept of Power Electric Building Block (PEBB) has been introduced into micro grid. The main functions of several typical D-FACTS in the micro grid have been reviewed [63] .
A comparative analysis has been presented between two power conditioners connected to a four-wire micro-grid. One of which has been developed on a two levels voltage structure and the other on a three-level voltage NPC structure (Neutral Point Clamped), but both controlled by the same strategy to limit the disturbance produced by different loads [64] .
The frequency regulation has been achieved by designing Distributed Energy Resources or DERs to exhibit an outputfrequency-versus-power characteristic similar to the speedversus-power (droop) characteristics of conventional turbo-and hydro-generators. It is important to regulate the amplitude and frequency of the voltages throughout the MG system [65] . The harmonic current brought by power electronic devices and load with considerable reactive power demand are the most significant factor influencing power quality of microgrid.
Fig-6
General Structure of SVC Fig-6 shows a combined system of Active Power Filter (APF) and Static Var Compensator (SVC) that has been introduced to improve power quality of microgrid. APF has been installed at the outlet of the micro source inverter to mitigate harmonic current. The ip-iq method is used for current detection and Deadbeat Control and Space Vector Pulse Width Modulation (SVPWM) are used as tracking method [66] .
The use of a Micro Grid Voltage Stabilizer (MGVS) as a controller has been proposed for the improvement of the dynamic voltage stability in a microgrid. The MGVS is a secondary level voltage controller generating a control signal and this control signal is further divided among the reactive power sources in the micro grid in proportion to their available capacities; thus each source will be required to generate certain amount of reactive power [67] .
A three-phase Active Power Conditioner (APC) has been introduced to improve power quality in micro grids based on renewable energy. APC acts as an interface between renewable energy sources and the AC bus of a micro grid and uses an improved control strategy, which makes possible to inject energy in the micro grid, compensate the current harmonics and correct the power factor [68] .
A new application of the UPFC has been introduced addressing the voltage stability concern in the MG in low and medium voltage system. The slightly modified UPFC can be used to improve the voltage profile of the micro-grid with or without grid connectivity [69] .
To improve the quality of power supply, an optimal power control strategy has been proposed for an autonomous micro grid operation based on a real-time self-tuning method where Distributed Generation (DG) units are connected to the grid.
Particle Swarm Optimization (PSO) along with PI regulator has been proposed for real-time self-tuning of the system [70] .
SIMULATION AND MODELLING EXAMPLES
The microgrid using renewable energy consist of a 3 kW photovoltaic, with 30 pieces of 12V for 100Ah battery bank, DC/DC converter, charge controller for battery, single phase DC/AC inverter and various loads (resistor, capacitor, inductor) have been developed and simulated by Matlab/Simulink software as shown in Fig-7 .
Fig-7
Configuration of the micro grid test bed using PV and battery based power generation
The mathematical model of system components has been introduced in order to investigate the dynamic behavior of each system [71] .
A Matlab/Simulink model of micro grid has been developed, incorporating an energy storage system, such that when the demand is less, the charging of battery takes place and vice versa. Also, depending on the frequency variations, the ON and OFF of the non-critical loads were done automatically and the status of the battery and the different loads are decided by the control unit [72] .
Synchronization of a Micro-grid with the main network must be done when the voltage of micro-grid is in synchronization with the voltage of main network. Phase-locked loops have been used for detection of phases of micro-grid and main network voltages and when the two voltages were synchronized, micro-grid is connected to the main network [73] .
For control of generators during faults, generator trip, surges and switching conditions the transient behavior of DGs in simulated environment has been analyzed. The dynamic modeling of a micro grid operating in Grid-Connected mode has been applied to a distributed utility grid that uses three gas turbine based Distributed Generators (D.G.), generating power at distribution voltage level (415 volts) and these are connected to a MV grid through a transformer [3] .
The impact of the load's voltage and frequency dependence on the micro-grid's frequency and voltage deviation during a planned islanding condition has been modeled and analyzed using PSCAD/EMTDC. It has been examined that the frequency deviations and voltage deviation during micro-grid operation are dependent on each other. Load sharing among different DG, during micro-grid operation, could be accomplished by equipping each DG with a P-f and Q-V droop characteristic [74] .
For satisfying the demand of flexible control in micro-grid and for easy mode conversion an inverter controller has been used which is shown in Fig-8 .
Fig-8 The control diagram of the inverter unit in micro-grid
When the micro-grid is connected to the main grid, PQ control with droop characteristic is adopted for the inverter and when micro-grid separates from the main grid, V/f control with droop characteristic has been used [75] . A micro-grid system based on wind and hydropower sources has been presented and issues related to operation, control, and stability of the system have been addressed by investigating a case study in Newfoundland, Canada. The system has been modeled and simulated using Matlab/Simulink, and the operational modes and technical challenges have been investigated [76] . An integrated model for a Photon Exchange Membrane (PEM) fuel cell generator including the power conditioning devices that can be used as a micro grid have been described and its block diagram can be seen in Fig-9 .
Fig-9 Block diagram of a fuel cell generator
A detailed model of the fuel cell, power conditioning devices and a Voltage Source Inverter (VSI) with no major assumptions has been developed in Matlab® and Simulink® and the integrated designs have been validated with a reallife1KW fuel cell kit [77] . A micro-grid with PV-WindDiesel generator hybrid system has been modeled with a DC/AC inverter with a pre-defined Maximum Power Point Tracking (MPPT) control and its operations have been discussed. This complete system has been modeled in PSCAD/EMTDC software and the performance of the system has been analyzed [78] .
An effective multi-loop controller has been designed to achieve the smooth changing between the utility connected operation and the islanding operation. To facilitate load power sharing by automatically adjusting the voltage and frequency of system at the conversion between the two modes, an integrated application of PQ control and droop control has been simulated in a micro-grid system containing micro turbine [79] .
A new droop control method has been validated through simulations by PSCAD software which can re-adjust the deviation in voltage and frequency, maintain the voltage and frequency. Such a MG structure used for simulation is shown in Fig-10 .
Fig-10
Micro-grid structure used for simulation To achieve secondary regulation of the voltage and frequency and to minimize the steady-state error on the nominated operation point, the voltage reference compensation has been implemented [80] .
Real-time Hardware-in-the-Loop (HIL) simulation has been proposed as an effective technique to include complexity of the micro-grid under control in the testing real-time embedded system. Dynamical models of various renewable energy sources and converters have been developed and Control strategies under the grid-connected mode and the islanding mode and transitions between these two modes have been addressed [81] .
A method of micro grid paralleling with large grid based on back to back VSC has been proposed consisting a double-loop control strategy in which fuzzy control increases dynamic response and voltage &frequency stability of grid paralleling [82] .
Distributed Generation (DG) systems such as Photovoltaic (PV) and wind energy systems are essential parts of the future smart grids.
To provide reactive power compensation, and power factor improvement at the PCC for a grid connected PV/fixed speed wind driven micro grid, a smart interconnection control strategy has been proposed (Fig-11) which is based on the control of the PV coupling Voltage Source Inverter (VSI) ensuring dual active/reactive power operation of the VSI [83].
Fig-11
System architecture of the PV/Wind based micro grid connected to the utility In order to compensate the effect of power quality during the grid-connected process, the power flow in the micro-grid has been analyzed based on the characteristic of frequency and active power. Grid-connected control method and simulations of the micro-grid have been presented. The frequency of the micro-grid should be lower than that of the main grid before being connected and the difference value of the voltage between the micro-grid and the main grid should be very small [84] .
PSCAD/EMTDC has been used to verify the feasibility and to validate a novel approach that has been presented to share the harmonic and reactive currents of a micro-grid using scattered multi-functional grid-connected inverters (MFGCI) without communication wires [85] .
A case study on impact of Fuel Cell operation on the frequency stability of electric grid has been carried out. FC system can contribute to frequency stability in both cases when the load increases and also when the load drops if it is operated along with a hybrid Wind-PV System.
Fig-12
Schematic diagram of a hybrid system connected to a Micro-Grid.
The modeling and control of a hybrid Photovoltaic (PV), Diesel-Engine Generator (DEG) -Fuel Cell (FC) system connected to electric grid has been presented. Schematic diagram of such a hybrid system connected to a Micro-Grid is shown below in Fig-12 [86] .
A comprehensive analysis has been conducted by time domain simulations using Matlab/Simulink software. The use of dynamic voltage restorer as series compensation to ensure successful islanding in case of double line to ground fault and three phase to ground fault has been proposed, whose single line diagram is given in Fig-13 [5] .
Fig-13 Single line diagram of DVR installed on PCC in micro grid
To improve voltage quality, and power supply reliability in a micro grid, a dynamic voltage restorer (DVR) based on photovoltaic (PV) generation/battery units has been proposed. The DVR has been connected with the grid by a rectifier, which is in series with the point of common coupling (PCC) [87] .
A five level Cascaded H-Bridge for micro grid application has been proposed and a SIMULINK based model has been developed having the capability of utilizing different dc voltages on the individual H-bridge cells which results in splitting the power conversion amongst higher-voltage lowerfrequency and lower-voltage higher-frequency inverters [9] . To ensure accuracy, the dynamic models of individual components have been integrated to form a micro grid dynamic simulation system in the Matlab/ Simulink environment. The dynamic operations of a low-voltage micro grid with various distributed energy resources have been analyzed with a sample system consisting of a 30 kVA microhydro generator, a 30 kVA diesel engine generator, a 30 kVA gas engine generator, and a 15 kVA micro-wind turbine generator as well as loads [88] .
CONCLUSIONS
After going through this review based on the given title, it has been concluded that issues of unreliable power quality, increased focus on renewable energy, need for rural electrification, and focus on higher efficiency have resulted in more emphasis on developing micro grid infrastructure. The ability of MG to island generation and loads together has a potential to provide a higher local reliability than that provided by the power system. Regarding distributed generation , the distribution systems have undergone the changes over the recent decades, along with the fact that many of these sources can be connected to form independent micro grids, have challenged this protection perspective. Among various techniques reviewed and considering future scope , more case studies of actual sites of MG can be done and some extended emphasis should be laid on issues of micro grid like protection issues, power system stability and further the implementation of FACTS devices in existing micro grid can help to maintain power quality and better power flow and all of these can be analysed in MATLAB and PSCAD.
